Summary: Nerve fibers of the human fasciculus gracilis were studied on 10 male cadavers aged 41-97 years using a discriminative staining method and a microscopic image-analyzing system. Our data show that the transverse areas of axons in the human fasciculus gracilis significantly decrease with age, while no significant correlation was observed between the number of fibers and age.
The nerves in the fasciculus gracilis play a very important role in the transmission of deep sensation (kinesthesia, joint position sensation, vibratory sensation, stereognosis and discriminative sensation) from the lower half of the body. However, as far as we know, there have been no reports on morphometric analysis of axons in the fasciculus gracilis in the human medulla oblongata.
We conducted this study to examine the axons in the fasciculus gracilis of the human medulla oblongata to elucidate the morphological, especially quantitative, changes in axons with the aging process.
Material and Methods
Human medullae oblongatae containing the fasciculus gracilis were obtained from 10 male cadavers aged 41-97 years (average: 75.3 years) for anatomic dissection. The causes of death had no direct or indirect connection with the central nervous system, and no pathological alterations were found under microscopic observation. The medullae oblongatae were fixed in a 10% formalin solution for one week, and then transferred into a secondary fixative composed of 5% potassium chromate and 5% potassium dichromate (4 : 1 in volume). They were subsequently embedded in Shiojirin E10 (Showa Ether Co., Japan). The blocks were then sectioned transversely into 20 mm thick slices to stain with the Masson-Goldner-Goto (MGG) method1). For the measurement of axons, the systemic sampling method was employed. Six sampling sites were selected on the left fasciculus gracilis in the medulla oblongata at the level of the pyramidal decussation, as shown in Fig. 1 . An image analyzing system2,3) consisting of a computer and a microscope equipped with a drawing tube under 3,500 times magnification was used to measure the axonal area, to count the number of axons and to store the data on line. Each sampling area was 22.5 Â 22.5 mm 2 (506 mm 2 ). We counted the number of myelinated axons and measured the transverse sectional areas and perimeters of axons in each area.
A linear regression analysis was performed to determine the correlation between age and each of these two items: number of axons, and average area of axons. The circularity ratio (CR) of the transverse sections of the axons was calculated according to following formula:
This ratio shows the shape of the transverse section of the axon, with a value of 1.0 denoting a perfect circle.
Results
The nerve fibers in the fasciculus gracilis were all myelinated, as shown in Fig. 2 . There were no unmyelinated fibers in the fasciculus gracilis as far as we could see. Data regarding numbers and average transverse areas of axons are shown in Table 1 .
Number of axons
There were slight differences in numbers and distribution of axons between the six sampling sites. Axonal numbers in the fasciculus gracilis were higher near the median septum than near the fasciculus cuneatus. The total number of axons in the six sampling areas ranged from 264 to 361, average: 314.2 (Table 1) . No significant correlation between the total number of axons and age was detected, as is shown in Fig. 3 .
Size of axons
There was a slight difference in axonal size between the six sampling sites. The axons observed near the median septum appeared smaller in size than those observed near the fasciculus cuneatus. The average size (average axonal area) ranged from 3.55 to 6.33 mm 2 (Table 1) . A scatter diagram with regression analysis between the average axo- Six sampling areas were selected from each transverse section of the left fasciculus gracilis at the lower most of the medulla oblongata. The measurement of axonal areas and counting of the numbers of axons were done in a square grid eyepiece under 3,500 times magnification. nal areas and age shows a significant decrease of axonal size with age (Fig. 4) . The distribution of axonal areas also shows a significant decrease of axonal size (Fig. 5, left) .
Shape of axons
The distribution of circularity ratios (CR) according to age is shown in Fig. 5 (right) . The proportion of axons with a CR of at least 0.9 ranged from 30.6% to 54.6%. No correlation between CR and age could be found.
Discussion
Although there have been several reports on the morphological study of axons2 -15), after new staining methods (the Luxol-PAS-hematoxylin staining method and Masson-Goldner-Goto staining method) were introduced by Goto to evaluate nerve fiber axons1), there have been no reports on the fasciculus gracilis of the human medulla oblongata, as far as we know. Zhan et al.13) reported on the aging process of axons in the human posterior funiculus in the spinal cord at C6 level. They measured axons in the fasciculus gracilis and in the fasciculus cuneatus, but did not deal with them separately in their analysis and discussion. This study, for the first time, carried out a morphometric analysis of the human funiculus gracilis in the medulla oblongata. The nerves in the fasciculus gracilis play a very important role in the transmission of deep sensation from the lower half of the body. Some reports mention a decrease of deep sensation with aging process16), while others deal with the decrease of the transverse area of axons in various human peripheral nerve2,11). In this study, we found that the average area of the myelinated axons in the fasciculus gracilis did decrease with age. Furthermore, this decrease was present across all axons sizes (Fig. 5, left) and had no bearing on the shape of the axons (Fig. 5, right) . This seems to confirm that nerve fibers in the fasciculus gracilis become thinness with age.
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